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Also, if eoripetitive bidding is t o  enter into the selection of a 
f!.m fox constmetion. of the telescope, It is necessalcy to have a masmabby 
tcap le te  initldl desfgn against which a41 firms e m  bid. 
brcomes more possible t o  make a falx? comparison betwm x d  choice ~ o : : Q  
the carpeting f isms. 

In t h i s  my,  it 

Finally, it: is extrexely iPlpar'can-2 f o r  t he  m P O a ~ ~ t - 8  t&o w i l l  
use the telesccjpe t o  provide their  b p u t  a t  the very beginning o t  design, 
when their experience with existing telescopes am3 their desires for ::he 
new one can still be made a part of the new i n s t m a t  without f o r c b g  
excessively difficult, costly and oten unscltisjfactt:ry zln~:n~;@n x a crxqhtd 
01 part i d l y  completed design. 

ctjntrac-t, serious negotiatioris were entered i n t o  w i t h  thee of the  firsrta 
t k j a t  had €%FPt?Ssed strong interest in being considered for design sZ^ rhe 
telescope, discussions with these firms having begun as far back 8s July 
1964. Of the thee,  Western Gear was not &le to S&Tkant~ate desig~ PX- 
g~rienee and performance relevant to large telescopes .. West5nghousc 
(Suwiyvale) could substantiate iibi3ity and experiencep although again not 
proved performance of any Westinghouse telescope design (although withhi 
sweral years this  w i l l  becam possible] 

With the & w e  factors in rnF116~ Lmmdiatcly ~ p m  t h e  s i p = i n g  of the 



Charles W. Jones Engineering was selected on five principal 
grounds: 

1. 

2- 

3" 

4, 

50 

Jones himself has had outstanding training (Cal Tech engineeshg] 
and experience (nany years in desigxing some o f  the i w g e s t  moving 
nachlnery in use in the world today - shovcls, dredgze, ~ F J C ~ S ,  E::c.) , 

Jones has had m o m  experience in the errgixerbg design of l e r zz  
telescopes than m y  cc-mercidl enghecr in this cc~mtxy, h w h g  3 e r n  
connected 3n one capacity or another, including irs several caws 
prirrary desiga respcnsibility,  f o r  essez~-:ially a l l  of the l a rge  talc-. 
scopes built  in the United States since the Lick 120-hch, as we31 
as for several. of the large radio telescope deslgns. 

Jones has the best record of performncz with large telescopes; 
moot specifically, the 63.- inch Naval 0bscmat:ory xf lector io p m 3 -  
ahly the only ma;ior telescope of recent constmetion t o  have been 
corqleted within the time a d  budget estirnateg of  its engineering, 
a d  Jones was c o q l e t e l y  responsible for this engfnecring and fc.r 
t h e  basic overseeing of the execukion of th is  proJectl 

The Jones firm w a s  relatively open for new work at The t im of 
negotiation, and was thereby abls t o  guarantee r q i d  developmesit o f  
the design, 

In November The University of Texas Regents and the ,NASA Contxact 
Office agreed on the selection of  Jozes; also, in view of the nezd for 
speed, that he should begin work t o  deliver a satisfactory bidable t e l e -  
scope design at  the earlfeet opportmity (egproximate1.y May 1965) on i? 
fSxed fee basis for d l  work perfomed on *his desigx piwject, brit w i t h  
a design-cost ceiling of $120,000. 

B. - Provisional -7 Design Parameters 

Gpon flrst learning of the projec t  in the summer uf 1964, J G ~ ~ s  
became ir-terested in the possibi l i ty  of doing the design, and prepared 
Ssaic laj~Llt3  of severel possible configurations for the new telescope. 
Accordingly, when it was decided that Jones would in fact be the desimer, 

poss ib i l i t i e s  for the basic configuration. 
it was possible without delay to t&e ~2 serfo~s C ~ ( 3 ~ t i e r a t " f O n  Of vaFic*!2s 

In  addition to the McDonald Observatory Director, the Austin astrcu- 
omy group primarily respnsible for design selection hcluded Professors 
de Vatlcouleurs and Tull, J. Texereau (consultant with us for nine mnths 
from the staff of the Paris and Haute Provence Observatories in Frunce), mC7 
J. Floyd (our ps!incipaL design engineer in the Astronomy Department a t  
Austin. Several discussions of the design were also  held in person o r  by 
telephone with D r s .  Morgan and Hfitner at Yerkes? Mayall and Melnel at 
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Two schooZs of thought quickly became mparent: cIri the choi2.e betwew 
foslc and cross-axis momthgs. 
alously favored the f c  rk designs, which they have F fonac red and ussd SI .KES I-- 
ful'y cves the l a s t  26 or 30 wars (or indeed 60 wars, cmsiderin? ~ I L C  

of mounting, centering in the dome, nola-ambigLious posiiional F ~ ~ ~ L - O U C S ,  
l e a s t  mcttion of Cassegraln foeus, and (perhaps) greatest safety of cqesc.~:lm- 

The Momt W!lson md CaL Tech g r o q  wzi- 

60- h C h  at Mount W i . l s G E )  PO- hSW -e6 b d U &  S ~ ~ Y J  

On the other h a d ,  w i t h  perhaps the sole exceptjon of Dr. 3abcock, 
the astronomers who have used the McDonald 82-inch telescope and the r~cen:: 
GruMb3arsons cmse-axis instruments such as the Haute-Provence 7 5-S2Tach, 
favored retaining the McDcnald 32-lnch cross-axis desiFp. The pr inc ipd  
asgments in favor of it are the lack of need for an enornous horsoshce 01 
circrrLaP hydraulic polar bearing with its cost and potential diff icult ies ,  
the conveaignce of a completely uncluttered CasscgPa5n focal. posi t ion  which 
never has t o  swing between the Pinee of a fork and which therefore can Ee 
adapted to rsther large equipment, the  lack of 5nterEcrence by the fork 
arms in rising floors or platfonns, and the simplest possible dir-ct f ~ v m  
m i m r  coude mjsten. The pr jnc ipa l  bearing prcblem w i t h  this design, t k z t  
of The cfeclination axis which must support a very large eccentric loa&, 
accodhg t o  Jones is readily soluble with comercia21y available a?esrii-i~s 
for telescopes as large as 105-inch. A n  additional factor  arose vhcs v2 
dectded to generate arr mttnurrlly large coude apr;ce  OF this telescope or 
the floor under the observhg floor, in which case the two-pier c ~ o s s - a x i s  
design offered a slightly more direct mounting tie-in for the spectrcgrz2> 
and less interference with the coude light paths. Final ly ,  it was f p i t  xinar 
10 would be better to have the two hqjor instruments of the F!:?cDc?naL. Qbsem- 
atozy of a c o m n  b a s k  design, other things being so marly eqzc1 ix t h e  
chozce 



Acrzordhgly, immediately after selection o f  Jones as design eng5aeer 
and the meetings outlined & w e ,  a firm decision w w  reeched to d c e  tke 
new telescope an enlarged m-d inproved version of the 82-L.nch c r o s s - ~ a i s  
design. 

However, further iravestigat ions showed t h ~ t  rsgticaiLy the 30 3- 1r.zit 
Du-an 50 b l d c  wmld not give the desired perfuxvnrurrln on -&reo gsr?uzck: 

1. As E? Pyrex mirror, it w o u l d  take s i g n i f i c a t " y  longer to p01Is.h 
in tho prolonged stages of final figuring because of its sZx t.5n-m 
greater coe f f i c ia t  of expansion over fused s i l I c n ,  requirk= 1-1 a- 
t ively long delays ~ Q T  the blank t o  c o o l  to equ!-l-ibrim afecz b e h g  
worked; this disadvantage would probably make up fn over-aLL d e 1 i x : q  
t h e  in the Tiniehed b l a i i  for the addS.tfonal t5me required to €~bx!- 
cate B new fused si l ica blank. 

The be& modern practice suggests that .Li to 13 inches is a?p:srop~.etc 
f o r  the 105-inch diameter. Such a thicknecs gerierates a mir ro r  of 21d-y 
three and a half tons t o  handle, ale0 one which is not t o o  thick, to Lie 
relativekj eas i ly  faasicated and supported; fur"chcnsaore, in terns sf 
fused si l ica,  the th-er m i s t l o r  5 3  relatively cnanomlcal to os de^. 
sh-ce! the prrice zlf fused s i l i c a  mltmors rSses 1 h o a s l y  with weight., 



With the above arguments in mind, the Unix-erz 5-t-1 Bdxdnistrat ion 
ant! Rcgmts, and ehe KclsA Scientific and Contract Offices wen-e ~ q p x m d w ?  
with this  poss ib i l i ty .  
end of t h i s  quarterly report period, 5or pemfssi=n ts m d i f y  tllc contrr-t 
t o  specify the construction of a 105-inch rather thiin an 8kinch t'e:?sr?~;.-,e, 
and to increase the estimated telescope costs by I d 3  a iiiLLlion d o l l n r s ,  

A Zarmal repest w a s  made jx- IkceTnt)er, near the 

D. u- (3rck?bg of Primary Mirnr B l a n k  

If past aperienee is any guide, the I t e m  of lurrgest lead-tim %ql 
such a substantial telescope project is the pxu>cu;i.emgznS: an& fiYZi6hhg rjf 

the primary m i r r o r .  Bccor;ihgly, we have placed higheat pr ios i ty  02 t i i n  
discussion of the size and material of the primary n l m o r ,  and the p l e c k g  
of an order for the mirmp blank. 

As indicated above, the desired performance rtroagly favored i ~ s e  
of fused sil ica for t h e  mirror, t h i s  decision belng in Irlarmony w f t h  khat 
arrived at by a l l  the major telescope plsming gmqs La the worid %:cd~y 
(netal mirrors, or extremely thin Pyrex mirrors, or n~:$ fornls of glass 



with nem=zero coeffAcient of expansion, aJ2 reprecent attractive pcss2- 
b i l i t i e s  €or the future, but h view of the requirement of conve;ztionaliFJr 
imposed on this telescope by its short time scale ajld birdgztai~y l i i i t z t i m s ;  
these p o s s i b i l i t i e s  could nclt be serfausly considered] . 

Only two fabricators of large fused-silica o.stlcaJ. 3.Lmks 2 ~ ~ 1  zz 
present able to promise satisfactory and early deli.re;?y, n-meS.y Ccrr&g 
and General Electric. Their pmcesses a m  radicrally ciiffe~ent.  Com=I~:g 
condenses fused s i l ica  f r o m  the vapor state, in great furn~ces, ~ a k 3 n g  
large homogeneous pancakes of sil ica which taa be tf;m ctri b t ~  npg~r;~~’?::;: 
sements and annealed together t o  form blanks of any demisac? &ope a id  Z ~ Z F - = :  

u p  t o  about ll0 hches, their largest present oven. 
process melts quartz I n t o  relatively mall hexagonal b2.Ue.t.s whlch ;??e ~’ :zP 
t.Ued together to generate blanks of any desired shspe SXiiI s.i_ze. 
lOS-bch mirror, the Ccrnlng process would require a he::frt:-l??? t i L ; s , 7 ~  r X  
seven segments, three deep, for a total o f  21 initial. eL:..azqts; the Ce~r -m? .  
Electric process, using material of much lowes un i fmnl ty  a6 pqiQ:p x c d - 6  
require about 600 of the small billets,  in two layers. We tea ted  smq’e3 
of the products of both companies, arriving at conclusions ,9GentlcK!. with 
those of the K i t t  Peak group, to the effect that both imtcrf,ds wexe ~ ~ i t f z -  
factory, the Corning one probably inherently a b i t  x o ~ e  sov 

Specifications were written for a 106-inch blank ( s 8 a i t a b L e  Zcr 
finishing to lOfi-inch optical surfece), l l - l / 2  hchas thick, bzek sir& 
edges finished, Cassegrain hole coz.ed, md surface sagged s r  scugb g ~ ~ > - . 9  
t o  within half an inch of the find curvature, Bids N ~ Z T  calieited xrom ” 
G- E. and Corning. The Corning bi& was triflingly lovier 5 cost thaa 1:cz .. 
G o  E.# and the promised del5very t h e  was one month shorter, In vir?t~ of 
what we believe to be the inherent superiority of the C c ~ r ~ b g  process, a11 
the factors hdicated that the contract should be awarded t o  Coming;, ~ i ; l a  
eight months M i v e r y  promised a f t e r  the contract signing. @ a f o s b ~ e t % k y ,  
diffllcultles of a business rather than a technical g a t w e  >avc preventLC 
early signing of the contract, and may have a significant effect ixs de;z:~i~g 
completion of the telescope 

The Gmeral, E J ~ c t ~ i n  

FGT il 

E. Permanel Connectedwith the Contract 

1. J. Texcreau - optical consultant (also paid nuch of t h i s  t:laae *by the 
Coude Contract NAsr-230 , during the time prior to and through thic. 
grant period completed h is work in refiguring t l x  82-inch McDsnaLd 
optics, aided enonmnisly i n  the mechanical and ~ p t f c ~ l .  6..asign t ~ ~ l c  
for the new telesccpe and h the testing aard selsetion €or - L h  p z b h w q  
mirror. w e  returned to France a t  the close o f  t h i s  x~gox2L~g  pt?r:r;d> 

Charles Seeger - one of the beat of radio astronomy enginee~s, has 
become much interested in problems of applying to opt3.ca.I. tolcacopec 

2. 
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the pararaters of deaw, control, and data read-out developed by 
radio aatronoarars for thesr I)BQdLI. Since radio aotronomers are 
probably aboe  a h a &  ahtad of m s t  optical a s t m m r s  in this 
area, it eeemed quite desirable that one of the senior engineers 
and scientists aseoci8tcd w i t h  the 105-inch project should be such 
a man ils Seeger. 

3. Douglam Bynum - des- enginwrlng, to assist Floyd. 

Qe Charlea Thompson - anginerering and drafting. 

5. Jack Sedwick- layout aad drafting. 

6, Catherine Cornbleth - secretary. 

In additian, aa cemented on in appropriate places above, a m b u r  
of the staff on The University of Texas payroll have spent proportions of 
their timc ranghg fn#n 8 f ew to over 50% on the telescope project. 
from the Project Diruttor, them lnclude Drs. Tu3.1, de Vaucouleurs, Edmonds 
and Deeming, J. Floyd, M. K r e b s ,  E. B.  Hudepshl, J. Starkey, and P. K4:pk- 
patrick. 

A 2 a r t  

F. - Fhaacial Report 

NASA Fom 1030 (2-60) far this contract is sukitted quarterly by 
the Auditorts Office of The University of Texas. 

Gs Illuetrative Appendices 

A small  but represartative sample of the many preliminary design 
drawings and sketches serveu t o  indicate the nature of some of the rejected 
conflguraticrsr. and the gradual evolution of the more fhal  and detailed 
c9ncscpt. 

1. 

2. 

3. 

4. 

5 .  

Print 660El = Early vartsfon of 2-pier, cross-axis design, with 
horizontal coude and 3-floor dome. 

Print 660E10 - R e j e c t e d  emfiguration including eccentric polar 
axis countcxweight. 

Print 660El.3 - Rejected 85-inch con.fj.guration ~ L S O  5ndud- 

Print 660El.U - Rejected BS- inCh fork configuration, bciud5.q 5- 
ntlrror coude. 

Prist 660EU - Rejected l O 6 - i n c h  d i g w a t i o n  w i t h  eccmtric 

cylindrical polar axis. 

counterweight and 8- hdn. 



6. Print 660E16 - First approximation t o  accepted design, including 
biconical eccentric polar axis, centered cotznteivde ight, cylindrical 
tube, drive on M pier.  

7. P r h t  WG60E16 - First sough calculation of weights and moments for 
provlsionally acceptable configuration. 

8.  Prj-nt: 660E17 - Rough siting and dome layout. 

9. P r i n t  660E19 - Early intermediate version of provisionally aeceptd9.e 
configuration of 105inch design. 
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